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Linda,
The DB draft data report is attached for your review. I’d like to send this draft to Tom Madsen
tomorrow if possible.  Please work with Burt if there is anything you want changed.
 
I will be in an all-day Flint Hills meeting in 14 Elwha if you need anything.
 
Burt, please talk to Brent to find out if he provided a field report yet.  If not, we need it done by
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appendices (field report, etc) to this report.
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1.0 Introduction



This data report provides results and a narrative summary for both surface water toxicity testing to larval Pacific oysters (Crassostrea gigas) that occurred between June 7-10, 2017, and oyster shell chemical analysis of metals that occurred between XXX.  This work was initiated by EPA in response to a request for support by Mr. Tom Madsen on or about June 29, 2016.  In addition, EPA responded to a letter dated July 25, 2016 from Congressman Derek Kilmer to Nichole Distefano, EPA’s Associate Administrator for the Office of Congressional and Intergovernmental Relations.  Congressman Kilmer had previously received a request for assistance from one of his constituents, Thomas Madsen, the owner of Port Discovery Seafarms, Port Townsend, WA.  	Comment by Bachman, Brenda: Dates will be added when the analysis occurs.



Port Discovery Seafarms, located near the southern end of Discovery Bay, WA is a commercial shellfish rearing facility which raises several shellfish species for sale to restaurants.  Mr. Madsen indicated that beginning in the summer of 2015, mortality events in several of his cultured shellfish species occurred.  He also observed shell deformities and shell discoloration in his adult shellfish species.  His request for assistance asked for help in identifying the cause(s) of the observed adverse responses of his shellfish when reared in Discovery Bay water.



Congressman Kilmer’s request for EPA assistance to Mr. Madsen was forwarded to the then Administrator of EPA Region 10, Dennis McLerran.  Administrator McLerran responded to Congressman Kilmer on August 23, 2016, indicating that EPA was “developing a plan to try to identify if a toxin is or was present that can explain the abnormal growth and mortality in Mr. Madsen’s shellfish”.



Subsequent discussions between EPA Region 10 staff and Mr. Madsen resulted in preparation of the Discovery Bay Quality Assurance Project Plan (QAPP).  This QAPP was used to guide all work performed during this study.  Analytical chemistry and toxicity testing methods, along with the quality assurance requirements for each are described in detail in the QAPP.  Although there are many possible causes for the adverse effects on shellfish observed by Mr. Madsen, the QAPP describes a program intended to evaluate only two lines of evidence that may lead to the observed toxicity:



1. Water column toxicity of Discovery Bay water to larval Pacific oysters just prior to and during their setting on solid substrates

2. Metal concentrations in adult Pacific oyster shells



The reasoning behind evaluating these two lines of evidence, in addition to the fact that EPA Region 10 has the capability to evaluate them, are as follows.  First, water column toxicity testing provides direct evidence of whether Discovery Bay water collected adjacent to the Port Discovery Seafarms water intake is toxic to larval and setting oysters.  If toxicity is observed, the tests described herein will not identify the cause of the toxicity, they will merely determine whether Discovery Bay water at the time of its collection elicited toxic effects on larval and setting oysters.  



Second, oyster shell chemical analyses for metals is based on the known method that adult bivalves use to detoxify excess metals found in both surface water and the diet of bivalves.  In order to prevent the accumulation of toxic tissue residues of metals in soft tissues of bivalves, the excess metals are deposited in the bivalve shells, rendering them biologically unavailable to elicit toxicity in the living bivalve soft tissues.  If excess metal concentrations are the cause of the observed shell deformities and discoloration in Pacific oyster shells from Port Discovery Seafarms during the time toxicity was observed in larval and juvenile oysters, one or more metal concentrations in the deformed/discolored portion of a shell from that timeframe are likely to be higher than those in the portions of the shell deposited prior to the onset of shell deformities and discoloration.



1.1 Toxicity Tests Methods



All toxicity tests were performed at the EPA Manchester Environmental Laboratory, Port Orchard, Washington using a protocol developed specifically for this work.  The need for a specialized toxicity test protocol was based on the life stage Mr. Madsen indicated were suffering toxicity, which were described by him as follows in a message to EPA on January 11, 2017: “…problems encountered here all were manifest in oysters while setting or later”.  The only standardized toxicity test protocol for any life stage of Pacific oyster of which EPA is aware is a static test (i.e. no addition of or replacement of the water used to start the test) starting with fertilized eggs and running for 24 to 48 hours, with the test endpoint being the proportion of normal “D-shaped” larvae surviving at test termination.  The standard Pacific oyster larval toxicity test does not use the oyster life stages where toxicity was observed at Port Discovery Seafarms. Therefore, EPA developed the specialized protocol.



Based on the equipment and laboratory capabilities available at EPA’s Manchester Laboratory, EPA performed a pilot study of toxicity test procedures with larval Olympia oysters (Ostrea lurida) in March 2017.  The purpose of the pilot study was to confirm that the test protocol could be successful in maintaining live oyster larvae that were beginning to set with laboratory control seawater before attempting to evaluate survival in Discovery Bay water.  Olympia oysters were used instead of Pacific oysters in the pilot study because larval Pacific oysters were unavailable to EPA at the time the pilot study was performed.  This pilot study observed that 85% of Olympia oyster larvae survived and began to set under the exposure conditions of our toxicity test protocol, leading EPA to believe that a successful test could be performed with larval Pacific oysters beginning to set.  The information obtained in the pilot study was used to improve exposure chamber design and larval handling procedures in the toxicity test protocol during the Pacific oyster toxicity test described in this report.



The toxicity test protocol developed with larval Pacific oyster evaluated survival immediately prior to and during their setting and attaching to a solid substrate.  According to Mr. Madsen’s communication with EPA, this is the earliest Pacific oyster lifestage during which adverse effects have been observed at Port Discovery Seafarms.  It is also the Pacific oyster lifestage at which Port Discovery Seafarms receives oyster larvae from their suppliers of larvae.



Eleven-day old Pacific oyster larvae were provided to EPA by Coast Seafoods, Quilcene, WA on June 6, 2017.  The larvae were reared in seawater of 26‰ salinity and at a temperature of 28°C prior to receipt by EPA.  The larvae were stated to be within two days of setting if maintained at 28°C.  As the toxicity tests were designed to be run at 20°C, toxicity testing did not begin until June 7, 2017 in order to allow the larvae to gradually acclimate to the lower water temperature without thermal shock.



Surface water samples to which larval oysters were exposed were collected by EPA staff from two locations within Discovery Bay during the morning of June 6, 2017:  the primary sample collection occurred adjacent to the seawater intake at Port Discovery Seafarms, and the reference sample collection occurred at a location north of Beckett Point near the eastern shoreline and mouth of Discovery Bay.  Three one-liter water samples were collected from each location, then preserved on ice for transport to the EPA Manchester laboratory.  The samples along with the required chain of custody forms were received by the laboratory at 2:10 pm on June 6, 2017, and had a water temperature of 6°C.  Since water samples were colder than the desired 20°C water temperature for the toxicity test, when combined with the 28°C temperature at which the Pacific oyster larvae had been cultured, the toxicity testing was delayed until June 7, 2017, allowing the larvae to be gradually cooled down to 20°C without causing thermal shock and possibly injury.  Water samples were stored in a refrigerator at 4°C the night of June 6th. The water samples were gradually increased to 20°C the morning of June 7th.	Comment by Bachman, Brenda: How?



Experimental design used two duplicate samples from each of two locations in Discovery Bay (near the seawater intake at Port Discovery Seafarms, and near the mouth of the bay near the eastern shoreline) with 8 replicates within each duplicate.  A third set of duplicate samples consisting of filtered and UV disinfected seawater from Little Clam Bay, served as the controls for the test.  The toxicity tests were performed in 50 mL frosted white polystyrene cups, each of which contained 40 mL of test solution seeded with 10 oyster larvae at test initiation.  For each of the three sources of water tested, two duplicate samples were run.  This experimental design resulted in 16 cups with test water from each of the three sites, for a total of 48 cups containing a combined total of 480 oyster larvae at test initiation.  Animals were counted at 24 hour intervals.  Water chemistry analyses (dissolved oxygen, pH, salinity, temperature) were measured at test initiation, and at 24 hour intervals.



1.2 Surface Water Toxicity Tests

The surface water toxicity tests were designed to run for two or three days.  To ensure that an undefined, but substantial proportion of larvae settled, the test was run for 72 hours.  Based on the time animals in the last exposure chamber were counted (test initiation), the nominal 72-hour test duration actually resulted in test termination occurring 74 hours and 45 minutes after test initiation. Table 1 shows all raw data and Table 2 shows summary statistics.  Table 3 shows the water chemistry (pH, water temperature, dissolved oxygen and salinity) data that was collected daily during the toxicity test.



Results indicate that the toxicity test met all biological quality control criteria established in the QAPP.  Larval survival in the control, reference, and Port Discovery Seafarms water was not sufficiently different to require statistical analysis on the data recorded. Total survival in the two duplicate samples within each of the three treatments were as follows: Control 95% and 92.5%; Reference 90% and 83.5%; and Port Discovery Seafarms 88.75% in both duplicates.  Total survival is defined as the sum of the living larvae and the larvae that had settled onto the bottom or side of the exposure chamber, as determined by the presence of a foot that could be observed under a dissecting microscope.  If individual larvae were motionless but had not developed and extended a foot, they were gently prodded with a fine bore glass pipette while being observed under the dissecting microscope.  Larvae that remained motionless after gentle prodding were considered to have died.  Free swimming larvae could be detected and counted by eye when exposure chambers were placed on a white background.



In summary: 

· Survival in all treatments met test acceptability criteria of ≥70% as described in the QAPP.  Total survival is described as the sum of surviving free swimming larvae plus the number of live individuals that settled onto the sides or the bottom of the exposure chambers.

· Lowest survival at test termination was 83.5% in a reference area sample

· Highest survival was 95% in a control sample

· Total survival in both samples from Port Discovery Seafarms was 88.75%



The percentages of larvae that set during the test was calculated by two methods:  number of animals that set / number of animals at test initiation; and number of animals that set / number of surviving animals (sum of larvae plus settled).  Due to the high overall survival percentages, the percentage of animals that set differ by <4% between the two calculation methods. Observations regarding settlement of the larval oysters were recorded as follows (to the nearest whole percent):

· Overall, between 24 – 29% of animals settled within each of the six exposure duplicates (two each of control, reference area, and Port Discovery Seafarms)

· When calculated as a percentage of surviving animals at test termination, the percentage of settled animals ranged between 25 – 33% in all test chambers

· When pooled by sampling location, the percentages of set animals of the total surviving animals were as follows:  Control 27%, Reference area 28%, Port Discovery Seafarms 31%.

· 74% of all animals that set settled between days 2 and 3 of the test

· There was a general, although slight trend that both pH and dissolved oxygen declined as the test proceeded, although at no time were these values low enough to endanger survival of the oysters and therefore did not affect the survival endpoint.

Observations regarding settlement were made to ensure that the intended larval life stage were used during the toxicity test (i.e. larval oysters while setting).  The toxicity test was not designed to monitor the long or short term survival of settled (i.e. juvenile) Pacific oyster. 



The data collected during this toxicity text suggests that water collected at Port Discovery Seafarms was not toxic to the Pacific oyster larval life stage during the period the test was performed.  



1.3 Shell Metal Analysis Methods - to be added



2.0 Test Acceptability Criteria



Analytical chemistry methods and the toxicity test protocol have separate quality assurance requirements (shell metal analysis) and test acceptability criteria (toxicity test).  How well the chemical analyses and toxicity test met their respective requirements are presented in this section.



2.1 Toxicity testing



All biological and chemical test acceptability criteria for the toxicity test identified in the QAPP were met with one exception:  

· Water temperature on day 3, which ranged between 18.8-18.9°C, was marginally lower than the targeted 20°±1°C.  This deviation does not appear to have affected results of the test.



2.2 Analytical chemistry (to be added when available)



3.0 Deviations from the QAPP



Deviations from the methods and protocols described in the QAPP are provided in this section, along with an estimate of any effects of the deviation on the results obtained during the study.



3.1 Toxicity test deviations



One change was made to the toxicity test methods described in the QAPP to ensure the introduction of the desired 10 oyster larvae per exposure chamber.

· Two transfer chambers were used to facilitate counting the organisms prior to starting the test instead of one transfer chamber as described in the QAPP.  This change was due to the density (i.e. number of larvae/mL) of oyster larvae provided to EPA by Coast Seafoods.  A subset of the larvae from Coast was introduced into a beaker containing the test water to dilute the initial number of larvae/mL received from Coast.  A 3 mL pipette was used to draw larvae from the beaker and introduce them into a 12 mL container.  Once 10 larvae were in the 12 mL container, the volume of water in the 12 mL container was increased to 9 mL by adding test water without any larvae.  Depending on how many individual larvae were transferred with each 3 mL aliquot from the beaker containing larvae, one or two additional aliquots of test water without larvae were added to bring the total volume to 9 mL.  The test water containing 10 oyster larvae was then gently added to the 50 mL exposure chambers previously loaded with 31 mL of test water, bringing the water volume in the exposure chambers to the desired 40 mL.



3.2	Analytical chemistry deviations (to be added when available)




Table 1.  Raw data from the three day toxicity test with larval Pacific oysters



[image: ]




Table 2.  Pooled results of duplicate exposures grouped by sampling location.
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Table 3.  Summary of water chemistry results obtained during the toxicity test.
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Appendix A – Chain of Custody Records
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Water Chemistry Results for Larval Pacific Oyster Toxicity Test - June 7 - 10, 2017


Exposure Chamber ID0244872024487202448720244872


Control 1-313.312.910.210.27.978.007.877.8229.529.629.729.719.719.419.318.8


Control 2-312.912.810.810.78.028.067.927.8329.729.729.729.619.819.419.318.9


Port Discovery 1-411.811.610.410.28.148.118.198.1831.030.931.131.119.719.419.318.8


Port Discovery 2-411.711.610.310.28.238.218.198.1631.031.031.131.119.819.419.318.8


Reference 1-110.310.110.010.07.917.947.867.8731.431.531.431.519.819.319.318.9


Reference 2-110.310.210.49.947.897.917.897.8931.631.731.531.419.819.319.319.0


Dissolved oxygen (mg/L)pHSalinity (‰)Temperature (°C)
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Pacific oyster toxicity test results - June 7-10, 2017


Treatments (by location)SurvivalSettledSurvivalSettledSurvivalSettledSurvivalSettled


Control 1-11001009182


Control 1-2100918272


Control 1-310010010082


Control 1-4100110110101


Control 1-5100907061


Control 1-610010010082


Control 1-71001009145


Control 1-810010010064


Control 2-110010010073


Control 2-2100807116


Control 2-31001009181


Control 2-410011011092


Control 2-510011010183


Control 2-6100908163


Control 2-7100908071


Control 2-81001009072


Port Discovery 1-11001009053


Port Discovery 1-210010010072


Port Discovery 1-31001008273


Port Discovery 1-41001008071


Port Discovery 1-51001009163


Port Discovery 1-6100908154


Port Discovery 1-71001009163


Port Discovery 1-81001009154


Port Discovery 2-1100100100100


Port Discovery 2-210010010072


Port Discovery 2-3100909072


Port Discovery 2-41001009163


Port Discovery 2-5100918226


Port Discovery 2-61001009072


Port Discovery 2-71001007353


Port Discovery 2-810010010063


Ref 1-11001009172


Ref 1-21001109273


Ref 1-310010010072


Ref 1-41001008153


Ref 1-5100917162


Ref 1-61001008273


Ref 1-710010010082


Ref 1-81001009053


Ref 2-11001009090


Ref 2-21001009155


Ref 2-310010010081


Ref 2-4100707043


Ref 2-5100908162


Ref 2-6100908154


Ref 2-71001009172


Ref 2-8100807142


Total survival or settled =4800467342532308123


Total survival plus settled =480470457431


Overall percent survival =97.92%95.21%89.79%


Percent of survivors settled =0.64%7.00%28.54%


Day 0Day 1Day 2Day 3
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TreatmentSurvivorsSettledTotal Live% Survivors% Settled% Total Live (Surv. + Set.)% Live that Settled


Control 157197671.25%23.75%95.00%25.00%


Control 253217466.25%26.25%92.50%28.38%


Port Discovery 148237160.00%28.75%88.75%32.39%


Port Discovery 250217162.50%26.25%88.75%29.58%


Reference 152207265.00%25.00%90.00%27.78%


Reference 248196760.00%23.75%83.75%28.36%


TreatmentSurvivorsSettledTotal Live% Survivors% Settled% Total Live (Surv. + Set.)% Live that Settled


Control1104015068.75%25.00%93.75%26.69%


Port Discovery984414261.25%27.50%88.75%30.99%


Reference1003913962.50%24.38%86.88%28.07%


Data Pooled by Sampling Location


----------------------------------- Day 3 (test termination) summary statistics -----------------------------------


Raw toxicity data


----------------------------------- Day 3 (test termination) summary statistics -----------------------------------





